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In this  paper  a  few  typical cases  are  discussed ,to  illustrate  the 
criteria referred to in the title.  Other cases presenting inequalities 
in  the  flow are  included in  Paper  XIII  of this  series,  1 under  uni- 
lateral  peripheral  neuritis  and  hemiplegia.  Some  have  been  pub- 
lished  in  previous  papers,  and  of  these  one  or  two  will be  briefly 
alluded  to.  The  flow  observations  are  summarized  in  Table  I. 
A  criterion  which  could be  predicted  a  l~riori  for  a  blood  flow 
dinainished by a  mechanical obstruction  would be  the  approximate 
constancy of the ratio of the flow in the obstructed part to that in 
the corresponding normal part in measurements made at such short 
intervals that collateral circulation could not be appreciably increased 
in  the  interval.  If  the  obstruction  is  so  great  that  the  chief,, re- 
sistance of the vascular path is situated there, it is  clear that a  fur- 
ther  criterion  would  be  the  lack  of  any  marked  response  ofl  the 
blood  flow in  the part  to vasoconstrictor or  vasodilator influences; 
e.  g.,  to  reflex  vasomotor  effects  from  the  contralateral  part.  It 
will, of course, depend upon the degree of the obstruction and the 
extent  to  which  a  collateral  circulation  has  been  opened  up  how 
great an effect on the flow will be produced through the vasomotors. 
Under no circumstances could we expect the ratio of the flow in the 
1 Stewart, G. N., Arch. Int. Med., 1915, xvi  (in press). 
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obstructed  part  to  that  in  the  normal  part  to  be  increased  by  con- 
ditions favoring vasodilatation acting equally on both parts  or on the 
whole  surface,  for  example,  by  an  increase  of  the  air  temperature, 
whereas  general  cutaneous  vasodilatation  might  very  well  alter  the 
ratio to  the  disadvantage  of  the  affected part.  On  the  other  hand, 
purely  central  changes,  affecting  only  the  driving  power  of  the 
heart,  would  leave the  ratio  unchanged,  however  great  the  absolute 
changes  in  the  flows might  be. 
These considerations  have been verified in  a number  of cases.  One of these 
has been already described. -°  The innominate and  right common carotid arteries 
were  ligated  by  my  colleague,  Dr.  Carl  Hamann,  in  a  woman  68  years  old. 
for  subclavian  aneurysm.  About  a  month  after  the  operation  the  ratio  of  the 
flow  in  the  right  hand  to  that  in  the  left was  I:3.54  and  I:3.48  on  two  suc- 
cessive  days.  The  stability  of  the  ratio,  although  the  flow  in  both  hands  was 
somewhat greater at  the  first than  at  the  second  examination, is  obvious.  Also 
practically  no  vasodilatation  was  caused  in  the  right  hand  when  the  left  was 
immersed  in  warm  water.  The  stability  of the  ratio  is  clearly,  and  the  failure 
of  the  contralateral  reflex  to  influence the  flow  is  almost  certainly,  associated 
with  the  still  very  effective mechanical  block  on  the  arterial  path  of  the  limb. 
Sixteen  weeks  later  the  collateral  circulation  had  opened  up  so  well  that 
the  ratio  had  increased  to  I: 1.3, and  the  vasomotor  reflexes  from  the  left  to 
the  right  hand  were now  distinctly shown  by  the  change  in  the  blood  flow. 
A  case  with  a  different  kind  of  mechanical  block,  namely,  embolism  (and 
thrombosis)  in  the  left  arm  and  the  right  leg,  illustrates  equally  well  the 
criterion of stability of the ratio of the flows.  There was apparently at one time 
some temporary  plugging of vessels  in  the  right  arm  also,  but  this  cleared  up. 
Costa  B.,  a  dyer,  aged  47  years,  was  in  Lakeside  Hospital  from  Apr.  13, 
I914, to  May 9,  I914, suffering  from rheumatic  fever, and  left with the  physical 
signs  of  mitral  stenosis  and  insufficiency.  On  July  3I,  I914, he  was  read- 
mitted  to  the  hospital.  That  morning while  at  work  he  suddenly  felt a  severe 
pain  in  the  right leg,  worst in  the groin.  No pulsation  could be  detected in  the 
right dorsalis pedis.  The anterior tibial pulse could be  felt, but was very feeble. 
No  pulse  in  the  right  popliteal.  Good pulsation  in  the  left leg in  all  accessible 
arteries.  No  pulse  in  the  left  radial  artery,  but  the  right  is  strong,  rhythmic, 
regular,  and  well  sustained.  The  vessel  wall  is  palpable,  but  not  nodular.  A 
strong  pulse  can  be  felt  in  the  right  brachial.  Blood  pressure,  left  arm,  sys- 
tolic  II4,  diastolic 85. 
Sept.  26,  I914.  The  pulse  is  obliterated  in  the  left  radial.  The  left  hand 
is cold and  pains him.  Sept.  3o.  He says  there is tingling of the left hand  and 
right  foot.  The left radial  pulse  is  absent  and  never  returned  after  this.  The 
right  radial  pulse  is  diminished.  Right  brachial  felt. 
Oct.  3,  I914.  I-Ie  says  that  there  is  no  discomfort  except  tingling  in  the 
right  foot.  Both  extremities  are  warm.  The  right  femoral  pulse  can  be  felt, 
but  not  the  dorsalis  pedis.  No  pulse  in  the  left  radial  or  brachial.  Pulse  in 
2 Stewart, Arch. Int. Med.,  1913, xii, 678. G.  N.  Stewart.  3 
right radial  and brachial.  On Oct. 5 it is stated that the right radial pulse could 
not  be  felt.  On  Oct.  8  the  right  radiaI  pulse  was  again  felt,  and  was  aIways 
present thereafter.  On  Oct.  IO  he  complains  of  pain  in  the  left  shoulder  and 
down  the  arm  to  the  elbow.  Physical  signs  of  (compensated)  mitral  stenosis 
and  insufficiency.  The  blood  flow  was  examined  on  Oct.  26,  1914, at  which 
time  no  improvement  had  occurred  in  the  permeability  of  the  vessels  which 
could  be  detected  by  palpation.  The  left  foot  is  warmer  than  the  right  to 
the  touch. 
First Examination  of Blood  Flow.--Costa B.,  Oct.  26,  1914.  Hands  in  bath 
at  2.56  p.m.,  in  calorimeters  at  3.07, out  of  calorimeters  at  3,28.  As  always, 
unless  otherwise  mentioned,  the  quantity  of  water  in  each  hand  calorimeter 
was 3,o15 cc, 
Calorimeters. 
3.06½ 
3,08 
3.o9 
3.IO 
3.11 
3.12 
3.I3 
3.14 
3.15 
3.16 
3.17 
Temperature of  Temperature of 
Room. 
Right.  Left. 
31.63  31.53 
31.59  31.48 
31.595  31.48 
31.61  31.475 
31.62  31.47 
31.62  31.46 
31.63  31.46 
31.65  31.455 
31.67  31.45 
31.695  31.455 
31.71  31.44 
Time. 
21. 4 
21. 3 
21.4 
21.7 
22.0 
Time. 
3.18 
3.19 
3.20 
3.21 
3.22 
3.23 
3.25 
3.26 
3.27 
3.28 
3,41 
Calorimeters. 
Right.  Left. 
31.72  31.435 
31.75  31.43 
31.78  31.425 
31.80  31.42 
31.82  31.41 
31.84  31.405 
31.895  31.40 
31.92  31.40 
31.945  31.395 
31.98  31.385 
31.79  31.22 
Room. 
22. 4 
22.6 
22.8 
Cooling of calorimeters in 13 minutes, right o.I9  °, left o.I65 °.  Volume of right 
hand  473  cc.,  of  left  441  cc.  Water  equivalent  of  calorimeters  with  contents, 
right 3,473, left 3,448.  Pulse in  carotid  IO2. 
Feet in bath at 3.44~  p.m., in calorimeters at 3.55Y~, and out of calorimeters 
at  4.24.  As  always,  unless  otherwise mentioned, the  quantity  of  water  in  each 
foot calorimeter was 2,775  cc. 
Time. 
3.55 
3.57 
3.59 
4.Ol 
4.03 
4,05 
4.07 
4,09 
4.  I2 
Temperature  of 
Calorimeters. 
Right.  Left, 
32.17  32.19 
32.03  32.o6 
31.97  32.00 
31.9  °  31.96 
31.85  31.93 
31,78  31.91 
31,76  31.91 
31.73  31.91 
31,7o  31.93 
Temperature of 
Time.  Calorimeters. 
Room. 
21.9 
22.0 
22.0 
22.0 
4-I4 
4.I6 
4.18 
4.20 
4.22 
4.24 
4.26 
4.34 
Right.  Left. 
31.69  31.95 
31.68  31.97 
31.67  31.99 
31.66  32.02 
31.65  32.04 
31.64  32.06 
31.59  32.03 
31.40  31.84 
Room. 
22.0 
22.0 
22.05 
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Cooling of foot calorimeters, o.19 ° in 8 minutes for right and left.  Volume of 
right foot  1,191 cc.,  of left I,I88 cc.  Water equivalent of  foot calorimeters with 
contents, right 3,856,  left 3,854.  Rectal temperature 37.45 °  C. 
The  blood flow in  the hands  for  the  last  fifteen minutes  in  the  calorimeters 
was  6.o3  gin.  per  IOO  cc.  per  minute  for  the  right  hand,  and  I.?q  gm.  for  the 
left,  with  room  temperature  22 °  C.  The  ratio  of  the  flow  in  the. left  foot  to 
that  in  the  right  was  1:4.71.  For  the  feet the  flows were  1.25 gnl.  per  Ioo  cc. 
per minute for the right, and 2.50 gm. for the left, with room temperature 22 °  C. 
calculated  for  the  last  15  minutes  in  the  calorimeters  when  the  flows  had  be- 
come steady  (ratio  1:2).  The ratio of the sum of the  foot flows to the sum of 
the hand  flows was  I: 1.94, and  the  ratio  of  the  flow in  the normal  (left)  foot 
to  that  in  the  normal  (right)  hand,  1:2.41,  both  within  tbe  normal  range  for 
the  ratio  of  foot to  hand  flow. 
The  man  was  discharged on  Nov.  20  from  Lakeside  Hospital,  and  was  ad- 
mitted at  the  City  Hospital on  Feb. 2,  1915.  He  complains of  pain  in  the right 
leg  from the groin  down.  *When he walks  a  little, the  pain  gets worse.  There 
are  also  shooting  pains  down  the  leg.  On  placing  a  constricting band  on  the 
left  arm,  the  superficial  veins  filled  slowly.  When  the  band  was  put  on  the 
right  leg,  none  of  the  superficial  veins  filled.  The  veins  of  the  left  leg  and 
right  arm  filled  rapidly  (Feb.  16).  On  Feb.  9  the  Mood  examination  gave 
erythrocytes 5,1oo,ooo,  leucocytes 6,400.  W~assermann negative.  Blood  pressure 
(Feb.  9),  systolic  95,  diastolic  65;  (Feb.  n)  IiO  and  75.  On  admission  the 
boundaries  of  the  cardiac  dullness  were  the  third  rib,  the  right  sternocostal 
margin,  and  2  cm.  to  the  left of  the nipple line.  The  blood flow was  examined 
on  Feb.  24,  1915.  At  this  time  the  grip  of  the  left  hand  was  strong,  scarcely 
weaker  than  that  of  the  right.  The  right  foot  and  lower  leg  feel  markedly 
cold  to  the  touch,  and  there  is  no  pulse  in  the  dorsalis  pedis  or  elsewhere  in 
the  leg.  No  pulse  at  the  left  wrist,  and  the  left  hand  is  colder  to  the  touch 
than  the right.  There is no  difference in  the nails of the two hands.  He  com- 
plains  of  pains  in  the  right  leg  and  says  that  it  feels  tired  all  the  time.  The 
left  hand  does  not  now  trouble  him  much.  There  is  some  wasting  of  the 
right leg. 
Second  Examination.--Feb.  24,  1915.  Hands in bath at 3.12  p.m.,  in  calorim- 
eters at  3.22,  and out of calorimeters at 3.35, 
Time. 
3.21 
3.23 
3.24 
3.25 
3.26 
3.27 
3.29 
Temperature of 
Calorimeters. 
Right.  Left. 
31.89  31.82 
31.85  31.80 
31.88  31.82 
31.9o  31.825 
31.93  31.83 
31.97  31.84 
32.o3  31.86 
Room. 
Time. 
3.31 
23.8  3-32 
23.8  3.33 
3.34 
3.35 
23.8  3.55 
23-7 
Temperature of 
Calorimeters. 
Right.  Left. 
32.09  31.87 
32.12  31.88 
32.16  31.89 
32.195  31.895 
32.26  31.9 ° 
32.o6  31.67 
Room. 
23.8 
23.9 
Cooling  of  calorimeters  in  20  minutes,  right  0.20 °  ,  left  0.23  ° .  Volume  of 
.right hand  498  cc.,  of  left 452  cc.  Water  equivalent of  calorimeters with  cou- G.  N.  Stewart.  5 
tents,  right  3,493,  left 3,457.  Pulse  81.  The  right  radial  pulse  was  surprisingly 
difficult to feel considering the fair blood flow. 
The blood  flow  for  the  right  hand  at  this  examination  was  6.96  gin.  per  IOO 
co. per minute,  and  for the left hand 2.54  gin.  (for  ii  minutes in the calorim- 
eters),  with  room  temperature  23.8 ° .  For  the  right  hand  this  is  practically 
the  same  as  on  Oct.  26,  1914,  four  months  earlier,  considering  the higher  room 
temperature  at  the  second examination.  In  the  left  hand,  however,  the  flow  is 
twice  as  great  as  on  the  first  occasion,  so  that  the  ratio  of  the  hand  flows  is 
now  1:2.74,  indicating  a  great  improvement  in  the  collateral  circulation  in  the 
left hand.  This  is  quite in  accordance  with  the gen.eral  condition of  the  hands. 
There  is,  of  course,  still  a  decided mechanical  obstruction  on  the  left  side,  and 
the  new  ratio  of  the  hand  flows  is  stable  for  successive  measurements  made 
at  short  intervals,  as  shown  by  the  third  examination. 
Third  Examination.--Feb.  26,  1915.  The pulse  rate  was  considerably greater 
than  at  the  last  examination,  and  the  superficial  veins  of  the  hands  were  dis- 
tinctly  better  filled.  The  veins  of  the  right  hand  were  fuller  than  those  of  the 
left,  and  the resistance to  compression of  the veins by  the finger was  greater  in 
the  right  hand.  The  pulse  was  felt in  the  right  brachial  although  not  strongly, 
and was not felt in the left brachial.  Feet in bath at 2.11  p.m., in calorimeters at 
2.251/2,  out  of calorimeters  at  2.49.  Pulse  lO2,  counted  in  the  carotid,  as  it  was 
difficult to  count  it  at  the right  wrist,  although  regular. 
Time, 
2.24 
2.27 
2.29 
2,31 
2.33 
2.35 
2.37 
Temperature of 
Room. 
•  Time.  Calorimeters. 
Right.  Left. 
31.92  31.77 
31.91  31.86 
31.89  31.995 
31.88  32.14 
31.87  32.3o 
31.865  32.47 
31.86  32.61 
23.4 
23.4 
23.2 
23.5 
24.1 
24.1 
2.39 
2.41 
2.43 
2.45 
2.47 
2.49 
3.I8 
Temperature of 
Ri~rim ~te~ft  , 
3  •  3  .87  ' 
31.85  32.99 
31.845  33.12 
31.84  33.24 
31.79  33.27 
31,42  32.79 
Room. 
23.7 
23.3 
23.I 
23.1 
23.4 
Cooling  of  foot  calorimeters  in  31  minutes,  right  0.37 ° ,  left  0.48 ° .  Volume 
of  right  foot  I,I32  cc.,  of  left  I,I99  cc.  Water  equivalent  of  foot  calorimeters 
with  contents,  right  3,812,  left 3,862. 
Hands in bath at 3.I3~  p.m., in calorimeters at 3.23~,  and out of calorimeters 
at  3.36. 
Time. 
3.23 
3.25 
3.26 
3.27 
3.28 
3.29 
3.30 
Temperature of 
Calorimeters. 
Right~l  Left. 
31.48  31.34 
31.48  31.36 
31'5I  I  31.37 
31.58  31.385 
31.62  31.4o 
/31.7ol31.42 
31.73  31.43 
Time, 
Room.  . 
23.5  ,  3.31 
23.3  3.32 
23.1  3.33 
23.4  3.34 
3.35 
24.I  3.36 
24.3  ,  3.52 
Temperature of 
Calorimeters. 
Right.  Left. 
31.80  31.46 
31.87  31.48 
31.90  31.49 
31-95  31,505 
32.00  31.52 
32.12  31.53 
31.96  31.37 
Room. 
24.3 
24,2 
24.3 
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Cooling of hand calorimeters, o.I6 °  for right and left in  16 minutes.  Volume 
of  right  hand  497  co.,  of  left  hand  457  cc.  Water  equivalent  of  calorimeters 
with  contents,  right 3,492,  left  3,460.  Rectal  temperature  37.85 °. 
The  blood  flow  in  the  right  hand  on  Feb.  26  was  9.98  gin.,  and  in  the  left 
hand 3.70 gm.  per  Ioo cc.  per minute  for the  last  IO minutes in the calorimeters, 
with  average  room  temperature 24  °  C.  The  flow  in  both hands  is  considerably 
greater  than two  days  previously,  corresponding to  the  increased pulse  rate,  but 
the ratio is exactly the same  (I : 2.70).  The  flow in the right foot was only 0.70 
gin. per IOO cc.  per minute even with the increase in the general circulation, a con- 
siderably smaller flow  than at the  first examination, four months previously, while 
the  flow  in  the  left  foot  was  6.50 gin.,  with  room  temperature 23.5 °  C.,  a  great 
increase.  The  ratio  between the  flows in the two  feet  was  1:9.28,  which  shows 
a  decided  decrease  in  the  circulation  in  the  right  foot.  This  agrees  completely 
with the  other  signs  of  deterioration,  and  suggests  the  probability of  impending 
gangrene.  The  flow,  actually  measured  in  the  right  foot,  is  probably still  suffi- 
cient  to  nourish  the  tissues,  since  considerably  smaller  flows  have  not  infre- 
quently  been  met  with  in  other  conditions  without  gangrene.  But  should  a 
further  examination  show  that  the  diminution  in  the  flow  is  still  progressing, 
that of  itself would  be sufficient to  indicate a  grave  prognosis.  It is an interest- 
ing fact that the ratio of the sum of the foot flows to the sum of  the hand flows 
(I : 1.9o)  is precisely the same as  four months ago,  in spite of the great changes 
in  the  ratios  between  the  two  hand  flows  and  between  the  two  foot  flows,  and 
in  the  absolute  amount  of  both  foot  and  hand  flows.  This  suggests  that  the 
blocking  of the  vascular  path  to  one  leg  (doubtless  the  diminution  in  the  flow 
extends  to  the  whole  of  the  right  posterior  extremity)  is  associated  with  a 
reciprocal  dilatation  of  the  path  to  the  other  leg,  so  that .the  normal  partition 
of  the  blood  between  the  legs  and  the  rest  of  the  body  is  scarcely  disturbed. 
That  is to  say,  the blood which normally finds its way  through the two  common 
iliacs  seems  eventually,  when  the main part  of  the  path  from  one  common  iliac 
is bl,ocked,  still to find its way  through the one which  remains pervious,  the nor- 
mal  limb making  room,  it  may  be  supposed  by  vasodilatation,  for  an  additional 
quanti,ty of  blood. 
It  would,  of  course,  be  rash  to  generalize  from  one  or  two  measurements 
of this kind,  but the result in this case is so precise that it needs an explanation. 
If  we  reflect that one  important  function of  the circulation,  and  relatively more 
important in  the  limbs  than  elsewhere  on  account  of  the  greater  proportion  of 
their  surface  to  their  mass,  is  the  elimination  of  heat,  it  will  not  appear  fan- 
tastic to  suggest that when the blood flow through the skin of  one  leg is greatly 
interfered  with,  it  might  be  advantageous  for  the  flow  through  the  skin  of  the 
other  leg  to  be  accelerated.  The  same  consideration  applies  to  the  muscles  in 
so  far as interchange between them  and the other tissues  is  of general  utility  in 
the  metabolism.  The  regulation  of  the  blood  pressure  may  also  be  facilitated 
by  such  a  redistribution  of  the  blood,  which,  if  it  occurs,  may  be  assumed  to 
be  brought  about,  mainly  at  any  rate,  through  the  vasomotor  system.  An  oc- 
clusion  coming  on  gradually  and  never becoming  complete  presents,  of  course, 
different  conditions  from  a  complete  occlusion  caused  by  ligation  of  large  ar- 
teries  or  by  amputation.  One  important  difference  is  that  the  tissues  fed  by G.  N.  Stewart.  7 
the  partially  occluded  vessels  continue  to  contribute to  the  total  metabolism  of 
the  body  and  to  the  heat .production,  and  must  therefore  to  some  extent  in- 
fluence  the  blood  flow  in  the  surfaces  from  which  heat  is  lost  and  the  organs 
concerned in  excretion. 
.Vote Added May  7,  I915.--Another  examination of  the  blood  flow  in  Costa 
B.  was  made on Apr. 7.  The flow  in the left hand was 3.43  gin. per  Ioo cc.  per 
minute,  and  in  the right hand  I3.II  gin.,  with  room  temperature  24.5 °  C.  (ratio 
I : 3.82).  In the feet the flows were I.SI  gin. and 7-43 gin. for the right and left, 
respectively,  with  room  temperature  23.3 °  C.  (ratio  I:4.92).  The  ratio  of  the 
combined  foot  flows  (per  Ioo  cc.  per minute)  to  the  combined  hand  flows  was 
I:I.85;  i.  e.,  practically  the  same  as  at  the  previous  examinations.  The  man 
died  on May 4.  For 4  days before death the  right leg and  foot had been numb 
and discolored by subcutaneous hemorrhages.  At the necropsy the right common 
iliac artery was  found completely occluded by an  old organized thrombus firmly 
adherent to  the artery.  A  similar thrombus  occupied the left subclavian artery. 
A_  fresh  thrombus  was  found  in  the  left  external  iliae  artery.  It  was  freely 
movable.  There  was  marked  mitral  stenosis  with  hypertrophy of  the left  auri- 
cle,  and the valve was covered with vegetations. 
An  apparent  instance  of  a  reciprocal  relation  of  .the  lymph  flow  and  blood 
flow  in  a  part  which  leads  to  increased  blood  flow  when  the  outflow  of  lymph 
is obstructed was  observed in a  case already reported. '~  The  case was  diagnosed 
as Hodgkin's disease.  There was great and persistent edema in both legs and no- 
where  else  in  the  body.  The  swelling  remained  quite  unaltered  during  the  five 
weeks  of  the  man's  stay  in  the  hospital.  It  coincided  with  a  relatively  good 
blood flow  in  the  feet,  which  was  interpreted  as  indicating  that  the  obstruction 
responsible  for the  edema  was  on  the  lymph  path  rather  than  on  the  venous 
path.  The  flow  in  the  feet  was  particularly  large  in  proportion  to  that  in  the 
hands  (ratio of combined foot flows to  combined hand flows  I : 0.96).  The sum 
of  the  foot  flows  per  ioo  cc.  of  part  per  minute  actually  exceeded  slightly the 
sum of  the hand  flows,  a  very rare  condition in  our  observations.  It was  sug- 
gested that far  from being interfered with, the blood circulation in the edematous 
legs  was accelerated through local vasodilatation. 
It  is  known  that  the  exchange  between  the  blood  in  the  capillaries  and  the 
tissues does  not consist merely in the passage of  materials out of  the blood,  but 
also  in  the  passage  of  materials,  including  water,  from  the  tissues  into  the 
blood,  The  intracellular liquids  and  tissue  lymph  are  naturally  in  relation  both 
with  the  blood  and  with  the  lymphatic lymph,  and  their  normal  composition  is 
maintained  by  interchange  with  both.  Is  it  not  probable  that  when  the  lym- 
phatic channels are blocked, and the elimination of waste products and the regu- 
lation of  the quantity of  tissue lymph by way  of  the lymphatics interfered with, 
the  flow  in  the  alternative channels,  the  blood  capillaries,  may  be  increased,  so 
as  to  increase  the  excretion  by  way  of  the  blood?  The  associated  vasodilata- 
tion  may  very  well.  be brought  about by  the  accumulation of  one or  another  of 
the  waste  products. 
In the next case the question was raised at the clinical examination 
whether the circulatory changes observed in one hand could be  at- 
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tributed  to  injury or  irritation  of  the  b rachial  plexus  or  some  of 
its constituent cords.  The blood flow measurements indicated clearly 
that  the  phenomena  were  due  to  mechanical  obstruction  on  the 
arterial path of the limb, and  further,  a point of importance  in con- 
nection  with  the  question  whether  operative  interference  was  ad- 
visable, that  the blood flow in  the affected hand  was quite sufficient 
to nourish  the part. 
Walter  L.,  aged  25  years,  height  5  feet  io  inches,  weight  2Io  pounds,  a 
powerfully  built  man,  well  nourished,  with  a  good  deal  of  subcutaneous  fat. 
was  admitted  to  the  City  Hospital  on  Oct.  25,  I914,  suffering  from  a  gunshot 
wound.  His  partner who  was  shooting rats  with a  small rifle at  the lunch hour 
accidentally shot  him,  the bullet  (cal,iber No.  ~2)  entering  the  right  side  of  the 
chest  close  to  the  sternum  and  lodging  near  .the  right  shoulder,  as  was  after- 
wards  shown by the x-ray.  He  drove home  and then  came  at  once  to  the  hos- 
pital.  The  wound  bled  at first  with a  squirt,  but  soon  stopped  and has  not bled 
much since.  The other man was 5 feet 8 inches in height and the gun was pointed 
directly at the  front of  the patient and  slightly upward.  The general course  of 
the  bullet  when it  struck  the  patient  was  slightly  upward,  and  very  slightly  to 
his  right.  On  admission he complained  of  a  continual dull  ache  localized  under 
the armpit,  and of pain when he breathed deeply.  The  fingers of the  right hand 
are  numb,  but  he  can  move  them  perfectly  well.  There  is  a  tendency  for  the 
thumb and  forefinger to  flex themselves. 
Nov.  I.  He  complains  that  the  fingers  of  the  right  hand  remain  flexed 
rather than straight,  and says that he must lay  his hand upon  something to  keep 
the  fingers  from  doubling up.  It appears  as  if the  median nerve  were  irritated. 
He  can  now  move his  right shoulder  a  little in  all  directions.  There  is  a  large 
hematoma  in  the  axillary  region,  and  the  ecchymosis  extends  downwards  to 
the  waist  line  and  also  above  the  deltoid.  On  Nov.  4  he  complains  of  severe 
pain  in  the  deltoid  region.  On  Nov.  5  the  amplitude  of  the  right  radial  pulse 
is les,s than that of the left.  The pulse is  regular,  on  Nov.  6  he still complains 
of  his  hand.  The  index  and  middle  fingers  now  seem  to  be  extended  most  of 
the  time.  On  Nov.  II  there  seems to  be no pain in  the arm,  and  the  patient  is 
allowed  to  be  up.  The  index,  middle  finger,  and,  to  a  less  extent,  the  thumb 
are  numb.  Tactile  sensation  and  pain  sensation  are  diminished  on  the  palmar 
surface  of  these  fingers  and  on  the  dorsal  surface  of  their  two  last  phalanges, 
The  skin  on  the  palmar  surface  over  the  median  nerve  distribution  right  up  to 
the  wrist  is  scaly,  while  the  ulnar  area  of  the  palmar  surface  is  normal.  The 
finger  nails  on  the  right  hand  have  grown  less  than  on  the  left  hand.  The 
inner portion  of  the  thenar eminence  is  atrophied.  The  grip  between  the  little 
and ring fingers is less strong than in the left hand.  The inequality in the radial 
pulses continues.  The x-ray  shows  the bullet in  the axilla about one inch below 
the lower lip  of  the glenoid. 
The  question  was  put  by  the  surgeon  in  charge  of  the  case, 
whether  the  diminished  pulse  could  be  attributed  to  injury  of  the G.  N.  Stewart.  9 
brachial plexus or to pressure  on it, and, in particular, whether the 
blood  flow  in  the  affected  hand  was  so  much  diminished  as  to 
threaten gangrene  and  therefore  to  call  for  surgical  interference. 
First Examination  of Blood  FIow.--Walter  L.  Nov. I3, I914.  Hands in bath 
at 2.IO p.m., in calorimeters at 2.2o~.  At 2.38 left hand put  into  water  at 8.2  ° C. 
At  2.5o left hand  put  into  water  at  44  °.  At  3.04  right  ha.nd  out  of  calorimeter. 
Time. 
2.20 
2.22 
2.23 
2.24 
2.25 
2.26 
2.27 
5.28 
2.29 
2.30 
2.31 
2.32 
2-33 
2.34 
2.35 
2.36 
2.37 
2.38 
Temperature of 
Calorimeters. 
Right,  I eft. 
31.06  I 31"O4 
31.oo  3I.I2 
31.o2  I 31"18 
3t.O3  [ 31.27 
31.o5  t 31.35 
31"°9 f 31.43 
31.12  I 31.52 
31.14  31.595 
3I.I6  31.67 
31.19  31.74 
31"22  t 31.81 
3i.25  131.9o 
31.28  1 31.98 
31.31  I 32.06 
31.33  [ 32.13 
31.36  32.2o 
31.39  ] 32.28 
31.42  I 32.345 
Temperature of 
Time.  Ri~rht calo- 
rimeter.  Room. 
2.39  31.44 
2.40  31.46  23.I 
2.41  31.47 
2,42  31.48  23.2 
2.43  31,49 
2.44  31.5o5  23.I 
2.45  31.52 
2.46  31.56  23.1 
2.47  31.595 
2,48  31.6o5  23.1 
2.49  31.615 
2.50  31.63 
2.5I  31.64  23.3 
2.52  31.65 
2.53  31.66  i[ 
2.54  31.68  23.3  !i 
2.55  31.695  !i 
2.56  31.71  23-3  ~ 
Time. 
2.57 
2.58 
2.59 
3.00 
3.oi 
3.02 
3.03 
3.o4 
3.19 
Temperature of 
4 
Right calo I  Notes. 
rimeter. " i Room. 
31.725 
31.75 
31.775  23.3 
31.79 
31.82 
31.84  23.3 
31.89 
31.92.5  23.4 
31.715  23.3  Lt. 
31.8o 
Cooling  of  calorimeters,  right  o.21"  in  I5  minutes,  left  0.545 °  in  4I  minutes. 
Volume of  right  hand  5o3  cc.,  of  left 464  cc.  Water  equivalent  of  calorimeters 
with  contents,  right  3,497,  left  3,468.  Rectal  temperature  37.42 °  C. 
For  I5  minutes  before  the  vasomotor  reaction  was  tested  the  blood  flows 
of  the two  hands  came  out  5.32  gin.  per  too  cc.  per  minute  for  the  right  hand, 
and  14,76 gm.  for  the  left  hand,  a  ratio  of  I : 2.77,  with  room  temperature  23.2 °. 
When  the left hand  was immersed in  cold  water  the flow  in  the  right  hand  was 
diminished  to  4.7r  gin.  per  too  cc.  per  minute  for  the  first  two  minutes  of  the 
immersiorr,  to  3.3t  gm.  for  the next  3  minutes,  and  it  rose  only  to  4.83  gin.  per 
too cc. per minute during the remaining  7  minutes  of  the  period.  The  vasomotor 
reflex  elicited  in  the  right  hand  by  immersion  of  the  left  hand  in  cold  water 
was  accordingly  small.  When  the  left  hand  was  immersed  in  warm  water  the 
flow  in  the  right  hand  sank  to  3.46  gin.  per  Ioo  cc.  per  minute  for  the  first  3 
minutes  of the period.  For  the next 4  minutes it rose slightly  (to 4.42  gin.),  for 
the next 3  minutes to  5.33 gin., and  for the  remaining 4  minutes of the  period to 
7.32 gin. per Ioo cc. per minute. 
It is clear that the initial small flow in the right hand is not due to 
a vasoconstriction which can either be much increased by immersion 10  Studies  o~  the  Circul,  ation  in  Man. 
of the contralateral hand in cold water, or much diminished by its 
immersion in warm water.  Even the maximum flow obtained under 
the influence of the reflex vasodilatation is scarcely half the normal 
flow in the left hand.  Such vasomotor reflex reactions are among 
the criteria of a circulation diminished by a mechanical block.  In the 
present instance the mechanical block is  not extreme, as shown by 
the  ratio  of  the  flowsl  and  therefore  reflex vasomotor  effects  on 
the flow are still obtainable, although diminished. 
There is in any event no probability that irritation of vasoconstric- 
tors by pressure would cause such a great and permanent discrepancy 
between the  blood  flows  in  the  two  hands.  The  conclusion  was 
therefore drawn that  the deficiency in  the circulation of  the  right 
hand  was  due  to  pressure  on  the  blood  supply  of  the  right  arm 
either by the bullet itself, or by the hematoma, or by both.  As re- 
gards the question whether the flow in the right hand was danger- 
ously small, it could be answered that it was not, and that although, 
of course, this matter should be tested from time to time, there was 
no  reason to apprehend gangrene with a  blood flow of this magni- 
tude. 
Five days later another observation was made on the blood flow 
with the view of determining whether the collateral circulation was 
increasing.  At the time of the second examination the right hand 
was in much the same condition as at the first examination, only the 
patient had observed that the finger nails on the right hand were now 
beginning to grow although not so fast as those on the left hand. 
Second Examination.--Pulse  92,  Hands  in bath  at 2.07  p.m.,  in  calorimeters 
at  2.I6~,  and  out  of  calorimeters at  2.33. 
2.16 
2.28 
2,29 
2.20 
2.21 
2.32 
2,23 
2.24 
2.25 
Temperature of 
Time.  Calorimeters.  ,,, 
Room. 
Right.  I  Left. 
32.I7 
31.23 
32.23 
32.23 
3I,I7 
3LI9 
31.20 
31.2I 
3~.22 
3L27 
32.22 
32.285 
32.34 
3z.4I 
3t.48 
32.54 
3L595 
3z.63 
23.7 
23-3 
23.2 
23.05 
Time. 
2.a6 
2,27 
2.28 
~.a9 
2,3o 
2.32 
2.32 
2.33 
3.42 
Temperature of 
Calorimeters. 
Right.  Left. 
3z.~25  31.68 
31.24  31.73 
31.25  31.78 
32.27  31.82 
3I.~8  32.87 
3L29  31.9I 
31.295  3x.95 
3t.33  32.00 
31,22  31.86 
Room. 
22.9 
23,C 
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Cooling  of  calorimeters  in  9  minutes,  right  o.II °,  left  o.I4  °,  Volume  of 
hands,  right  492  cc.,  left 466  cc.  Rectal temperature 37.22 °.  Water  equivalent 
of calorimeters with contents, right 3,489, left 3,467. 
The  blood flows in  both hands at  this examination were somewhat Iess than 
on  the  previous  occasion  (3,93  gm.  per  IOO  ec.  per  minute  for  the  right  hand, 
and  lO.76 gm.  for the left).  The  ratio,  however, between the flows in  the two 
hands was unchanged (I : 2.74).  The room temperature  (23 °  C.)  was almost the 
same  as  at  the  first examination.  The  fact that  the  ratio  of the flows is  prac- 
tically  identical  with  that  obtained  at  the  first  examination  of  itself  almost 
precludes the idea that the deficiency in  the right hand is due to persistent irri- 
tation of vasoconstrictors.  A  stimulation of this kind could hardly remain con- 
stant  for  5  days,  while a  mechanical block might well  do  so. 
The  patient  was  discharged  from  the  hospital  soon  afterwards. 
The  blood  flow  in  his  hands  was  again  examined  on  Mar.  8,  1915.  Since 
Nov.  28,  1914, he  has  been  at  work  and  came  to  the  hospital  merely  for  the 
examination.  He  says  that  when  he  first  resumed  work,  whenever he  flexed 
the forearm on the elbow it was done with a  jerk.  He finds that the right hand 
is  ~till  weaker than  the left and  gets tired  sooner.  There  is  no  pain  in  it  and 
he uses  it  freely in  his work.  He  has  some  little difficulty with the  right  hand 
in  such  movements as those concerned in buttoning his clothes.  The  right arm 
is  not  quite  as  strong as  the left.  There  is  now  no  pain  at  the  shoulder  and 
no  trace  of  the injury  can  be detected except a  small  scar on the  right  side of 
the chest at the point of entrance of the bullet, which still remains in the body, 
no  attempt  having  been  made ,to  extract  it.  The  left  radial  pulse is  distinctly 
stronger than  the  right.  It  was  not  possible to  feel  the  right  brachial  artery, 
while the left brachial pulse was strong. 
Third Exarnination.--Hands  in bath at 2.50  p.m.,  in  calorimeters at 3.o0, and 
out  of  calorimeters at  3.15.  Pulse 84. 
Temperature_of  _  i 
Time.  Calorimeters.  ,  Time. 
--  --  Room.  i 
Right.  Left.  I  ! 
32.o3  32.Io  j  2.59 
3.Ol 
3.02 
3.03 
3.04 
3.05 
3.06 
3.07 
3.08 
Right, 
32.o3 
32.O1  32.15 
32.o3  32.20 
32,o4  32.26  23.5 
32,o6  32.31 
32.1o  32.36  24.4 
32.13  32.42 
32.18  32.48  24.5 
32.21  32.53  24.0 
3.o9 
3.1o 
3.11 
3.12 
3.13 
3.14 
3.15 
3.33 
Temperature  of 
Calorimeters. 
Room. 
Right.  Left. 
32.26  32.59 
32.29  32.64 
32.32  32.695 
32.37  32.745 
32.41  32.795 
32.45  32.84 
32.53  32,88 
32.35  32.68 
23.9 
23.9 
23.8 
Cooling  of  calorimeters  in  18  minutes,  right  o.18 ° ,  left  0.20 ° .  Volume  of 
right hand 481  cc.,  of left 493  cc.  Rectal temperature 37.35 °  C.  Water  equiva- 
lent of  calorimeters with  contents, right  3,480, left 3,489. 
The  blood  flow  in  the  right  hand  at  this  last  examination,  iio  days  after 
the previous one, was 9.3o  gin. per  IOO cc. per minute, and in the left hand  11.6o 12  Studies  on  the  Circulation  in  Man. 
gm., with an  average room temperature of 24 °  C.  The  sum of the flows in  the 
two  hands  is  only  slightly greater  than  on  Nov.  I3,  I914  (20.9  gin.  as  against 
20.08 gm.), but  the distribution of the blood between the two hands is  now very 
different, the ratio being only I: 1.24.  Plainly a  great improvement has occurred 
in  the interval  in  the  circulation  of  the  right hand. 
The  volume  measurement indicates a  considerable increase in  the  left  hand. 
probably due  to  work  hypertrophy, as  he  still  must  use  the  left  more  than  the 
right.  There  is  a  smaller  diminution  in  the  volume  of  the  right  hand  due,  it 
is to  be  supposed, either to  absorption of  a  small  amount  of  edema  fluid  or  to 
slight  atrophy.  No  edema  of  the  hand  was  observed  at  any  time,  but  there 
might have been some increase in  tissue liquid not revealed by  detectable swell- 
ing.  The  mechanical  obstruction  on  the  arterial  path  which  was  responsible 
for  the  diminished blood  flow  might,  of  course,  have  in  some  degree  involved 
the venous outflow from the limb as  well, although not to  such an  extent as  to 
cause evident edema.  That some pressure was exerted on nerves is indicated by 
the  spasmodic contractions described, but  there is  no  evidence of  serious  injury 
to nerves.  The slight atrophy may  well have been due simply to disuse. 
Decided inequalities  in the blood flow in the two hands  (or  feet) 
not associated with obvious functional or anatomical differences and 
not  conforming  to  the  criteria  of  inequalities  due  to  a  mechanical 
cause are  sometimes  observed  in  clinical  cases,  particularly,  in  my 
experience, in neuropathological conditions.  The great characteristic 
of these inequalities  of flow is their  instability.  Not only does the 
ratio  of the flow in  the  two hands  vary widely in  examinations  on 
successive days, without any apparent  clinical change  to account  for 
the  variation,  but the  ratio  may one  day be in  favor  of  one  hand 
and the next day in favor of the other, or the two flows, greatly dif- 
ferent  in  amount  at  one  examination,  may  be  found  equal  at  ,the 
next.  A  change  in the external  conditions  (such as a  sufficient in- 
crease  or diminution  of  the  air  temperature)  which  are  known  to 
affect the vasomo.tor system  is  especially apt  to alter  or reverse the 
ratio. 
For this reason it is suggested that  some vasomotor peculiarity is 
responsible  for the  circulatory changes  in  these  cases,  and  inequal- 
ities in the blood flow which possess the criterion  mentioned  are in- 
terpreted  as  depending  on  vasomotor  rather  than  mechanical  con- 
ditions.  The  results on a typical case  (Thomas  Q.)  will be given. 
The  patient,  a  man  36  years  of  age,  when  he  first  came  under  observation 
was  suffering  from  alcoholic  neuritis  affecting  particularly  the  feet.  There 
was  no  recognizable clinical  difference between the  two  sides.  Yet  notable dif- 
ferences in the blood flow were made out,  which, however, were not stable  from G.  N.  Stewart.  13 
day  to  day  and  were  therefore  interpreted  as  depending  upon  vasomotor  dif- 
ferences on the two sides not so easily abolished or perhaps more easily produced 
than  in  normal  persons  by  the  preliminary  bath  and  the  subsequent  long  im- 
mersion  in  the  calorimeters.  About  a  year  after  the  first  series  of  examina- 
tions the patient was again seen in the hospital, this time suffering from  (tuber- 
cular)  pleurisy with  febrile temperature in addition to  the neuritis.  The  change 
in  the clinical picture was very decided and  so was the change in  the results of 
blood  flow  measurements.  The  marked  tendency to  cutaneous  vasoconstriction 
already  found associated with  fever  4 was  reflected in a  greatly diminished hand 
and  foot flow. 
Thomas  Q.,  a  railroad  clerk,  aged  36  years,  was  admitted  to  the  City  Hos- 
pital on May 24,  I912,  suffering from chronic alcoholism, with alcoholic neuritis. 
He  has  been  drinking  for  his  entire  life.  Two  years  ago  he  had  "alcoholic 
paralysis"  and  collapsed  while he  was  walking  along  the  street  after being  at 
a  dance.  His limbs gave way but he did not lose consciousness and resumed his 
work after four days.  His legs swelled and became painful, so he stopped work 
and  went  to  a  hospital.  For  the  past  year  he  has  had  painful  micturition,  es- 
pecially after a  drinking  bout.  In  I8  months his  weight has  declined  from 204 
to  I47  pounds,  and  his  strength  has  diminished.  He  has  had  night  sweats  at 
intervals and  his appetite has  become poor.  He has been drinking heavily since 
March.  The  legs  and  feet are  equally  untrustworthy in  walking.  He  feels no 
difference  between  the  right  and  left.  The  feet  feel  rather  cold  to  him  and 
recently there has  been  a  tendency for chilblains to  form on  them.  He  is  ner- 
vous.  There is tremor of the tongue and lips.  The pupils react to light and ac- 
commodation.  The knee jerk is absent on both sides.  There is no special defect 
of  sensation.  There  is  pain  on  pressure  over  the  nerve  trunks  of  both  lower 
extremities.  The  upper  extremities show nothing special. 
On  May  29,  t912,  the  flow in  his  feet  was  measured.  It  came  out  1.43 gin. 
per  Ioo  cc.  per  minute  for  the  right,  and  2.44  gin.  for  the  left  (ratio  I:I.7o), 
with  the  rather  low  room  temperature  of  21.5  °.  On  May  3I  the  flow  in  the 
right  foot  was  3.39  gin.  per  Ioo  cc.  per  minute,  and  in  the  left  foot  3.87  gin. 
(ratio  z :I.I4),  with  room  temperature  25.4 °.  These  flows  are  of  the  normal 
order  of  magnitude.  Slight  and  transient  reflex  diminution  of  the  flow  in  the 
left  foot was caused by immersion of the right foot in cold water and a  marked 
temporary  diminution  when  the  right  foot  was  transferred  to  warm  water. 
The  subsequent increase  of  flow  in  the  left  foot,  while  the  right  continued  in 
the warm water, only carried the flow slightly above the initial level.  The much 
smaller flows in  the  feet on  May  29  were  probably  due  to  the  increased  sensi- 
tiveness  of  these  cases  to  vasoconstrictor  stimulation  occasioned  by  the  con- 
siderably  lower  room  temperature,  for  which  there  is  other  evidence.  With 
the increased vasodilatation in both feet on May 3I  the difference between them, 
if of vasomotor origin, would tend to  become less. 
Two  examinations of  the  hands  were  made  at  this  time.  On  June  4,  with 
room  temperature 25 °  C.,  the  flow  in  the  right  hand  was  8.5I  gm.  per  Ioo  ce. 
per  minute,  in  the  left  I3.2o  gin.  (ratio  I : 1.55).  The  hands  we.re  not  notice- 
ably  affected by  neuritis  at  this  time,  but  later  on  he  returned  to  the  hospital 
4 Stewart,  /our.  t~xl)er. Med.,  I913,  xviii, 372. 14  Studies  on  the  Circulation  in  Mein. 
with  wrist drop  in  addition  to  foot drop.  The  difference in  the flow in  the two 
hands  on  subsequent  examination  was  not  found  to  be  permanent,  and  it  was 
therefore interpreted as  due  to  a  functional  difference in vasomotor  innervation. 
Immersion  of  the  right  hand  in  warm  water  caused,  after  a  very  slight  and 
transient diminution in the flow  (to 9.82  gm.  for one minute), one of the greatest 
reflex  increases  witnessed in  the whole  series  of  observations;  vie.,  to  I7,O8  gm. 
per  IOO cc. per  minute.  Immersion of the right  hand  in  cold  water  was  accom- 
panied  by  a  transient  diminution  in  flow  in  the  left hand  (to  5.58  gin.  per  IOO 
cc.  per  minute  for  the  first  3  minutes),  the  flow  then  increasing  to  lO.22 gin. 
per  IOO cc. per minute  for the remaining 7 minutes,  during  which the right  hand 
continued in the cold water. 
First  Examination  of  Blood  Flow.--Thomas  Q.  Examination  of  blood  flow 
in the feet, May 31,  1912.  Pulse lO8.  Feet in bath at 2.4o ~  p.m., in calorimeters 
at  2.55M.  3,74o  cc.  of  water  in  each  calorimeter.  At  3.13  p.m.  the  right  foot 
was immersed in cold water at 9 °  C.  He felt it very cold and complained much. 
]  Temperature of  !. 
Time.  Calorimeters.  [  Time. 
----H----[  Room. [i 
] Right.  Left.  I 
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3"2I  [ 32"23  [[ 
Temperature of 
Left calo- 
rimeter.  I Room, 
32.25 
32.285  25.5 
32.31 
32.35 
32.4 ° 
32.41 
32.425 
32.45 
32.49  25.7 
32.525 
32.525 
32.58 
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Notes. 
At 3.26  rt. foot put in water'at 
43 ° C. 
Stirring  was  brief  and  insuf- 
ficient. 
Stirring insufficient. 
Foot out of calorimeter. 
Rt. is now at 31.595 ° C. 
Cooling  of  calorimeters,  right  0.335  in  31  minutes,  left  o.II  in  9  minute~. 
Volume  of  right  foot  in  calorimeter  1,311  cc.,  of  left  foot  1,29o  cc.  Water 
equivalent  of  calorimeters  with  contents,  right  4,857,  left  4,843.  Rectal  tem- 
perature  37.35 ° . 
Second  Examination.--Examination  of  flow  in  hands,  June  4,  1912.  Hands 
in bath  at 2.23  p.m., in calorimeters  at 2.33.  At 2.47  p.m. the right hand was put 
into  water  at  8 °  C.;  at  2.57  into  water  at  43 ° .  At  3.o7  p.m,  the  left  hand  was 
taken  out  of  the  calorimeter. 
Cooling  of  calorimeters,  right  0.33 °  in  39  minutes,  left o.13 °  in  9½  minutes. 
Volume of right hand 46o cc., of left hand 437  cc.  Water  equivalent  of calorim- 
eters  with  contents,  right  3,463,  left  3,445.  Pulse  IOO.  Rectal  temperature  37.5. G.  N.  Stewart.  15 
Time. 
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That the cause of the inequality between the flows in the two hands  observed 
on June 4,  1912, was  a  transient  functional  difference  is  indicated  by  the  result 
of  the  third  examination  on  the  following  day  (June  5).  Here  with  a  lower 
room  temperature  (22.4  ° )  the  flow  was  reduced  in  both  hands,  but  far  more 
in  proportion  in  the  left  (7.31  gin.  per  zoo  ce,  per  minute  for  the  right,  7.35 
gin.  for the left hand).  The excess in the flow in the left hand  is, however, in 
reality somewhat greater  than the numerical results  indicate.  For the left hand 
had  suffered the loss of a  portion of the thumb by amputation  a  while ago, and 
the  ratio  between its  surface  and  its  mass  was  therefore  diminished.  Also  the 
man. is right handed  and  in right handed  persons  the flow per  Ioo cc. of volume 
is  usually  somewhat  greater  than  the  left, 
Third Examlnation.--June  5,  1912.  He says  he is  feeling well and  can  walk 
fairly,  although  he  soon  gets  tired.  He  was  out  on  the  hospital  grounds  yes- 
terday and  today.  Hands  in bath  at  1.22}/22 p.m.,  in  calorimeters  at  1.32, out of 
calorimeters  at  1.5o.  Pulse  IiO. 
Time.  Calorimeters. 
Night. 
~.3~½ 
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Cooling  of  calorimeters  in  8  minutes,  right  o.I2 °,  left  o.It °.  Volume  of 
right hand 468  cc.,  of  left hand  436  cc.  Water  equivalent of  calorimeters with 
contents,  right  3,469, left  3,444.  Rectal temperature 37.7  °. 
Thomas  Q.  was  discharged from  the hospital on  June  z9,  I912, and  was  re- 
admitted on Jan.  I9.  I913.  He has  been drinking  for  4  weeks and  is  decidedly 
worse  than  at  the  previous  admission.  He  cannot  walk  at  all  and  has  wrist 
drop of  both hands.  He  first noticed the wrist drop the day he came.  In  both 
extremities  .the  extensor  muscles  are  more  involved  than  the  flexors.  The 
nerve trunks  are  tender,  the  reflexes absent.  He  was  treated by  hot baths  and 
massage  of  the  extensor muscles.  He  states  that  if  he  is  made  to  sit  around 
even a  few minutes after the bath he gets a  severe chill lasting 20 to 30  minutes, 
which does not occur if he is  put  straight  to  bed.'  He never has  a  chill  except 
after  the  hot  bath.  This  is  of  interest as  it  corresponds with  the  evidence of 
increased susceptibility to  reflex vasocons.triction of  the cutaneous  blood vessels 
deduced  from  the  blood flow examinations.  The  flow  in  the  hands  was  exam- 
ined on May 2I  and again  on  May 24,  I913,  and  the flow in  the feet on  May 24. 
At  this  time  he  had  some  fever  and  on  May  29  the  physical  signs  of  pleurisy 
were found.  On June t5 and again on June I8,  2913, tubercle bacilli were found 
in the sputum, and he was sent to the sanitarium on June 24. 
When  examined on  May  2I,  I913,  nearly a  year  after  the  first  examination, 
the blood flow in  the  right hand  was  found  to  be  only 4.49  gm.  per  Ioo cc.  of 
hand per minute, and in the left hand 3.06 gm.  (ratio  t : 1.46) , with the relatively 
high  room  temperature  of  26.4 °  C.  These  flows  were  for  the  last  i2  minutes 
in  the  calorimeters.  His  rectal  temperature  was  much  above  the  normal 
(4o.45 °  C.),  and  the  tendency  to  vasoconstriction  associated  with  fever  is  no 
doubt  a  factor  in  the  small  flow.  This  tendency is  illustrated  by  the  tardiness 
with  which  the  rate  at  which  the  thermometers  rose  became  steady.  Three 
days  later  (on  May 24,  1923)  the flow in  the hands  was  still  smaller  (2.3I  gm. 
per  Ioo cc.  per minute for the right hand and 2.z6  gin.  for the left hand,  for  Iz 
minutes  in  the  calorimeters before  the  testing of  the  vasomotor reaction,  with 
room temperature 23.2 °  C.).  Calculated for the last 7 minutes of this period the 
flows were only 1.7I and  2.58 gm.  per  Ioo cc.  per minute  for the  right and  left 
hands  respectively, denoting a  great  tendency to  the  onset  of  vasoconstriction. 
A  rapidly increasing vasoconstriction revealed by a  decrease in  the  rate  of heat 
loss to  the calorimeters has been observed in  other cases of  fever;  for instance, 
in pneumonia before the  rapid  rise of body  temperature.  In  one case  in  which 
the  condition had  not  as  yet  revealed  itself  clearly  by  the  physical  signs,  this 
behavior  of  the  hands  in  the  calorimeters  suggested  the  onset  of  fever,  the 
temperature  rose  nearly  5  °  F.  within  eight  hours,  and  the  next  day  physical 
signs of pneumonia were present. 
During  immersion of  the right hand  in warm  water,  the flow in the left,  far 
from  being  increased,  was  actually  diminished  (to  1.3I  gm.  per  Ioo  cc.  per 
minute),  a  further  illustration  of  the  increasing vasoconstriction, which  cannot 
be overcome by the reflex vasodilatation normally associated with immersion of 
the  contralateral  hand  in  warm  water.  The  patient  felt  worse than  at  the  last 
examination. 
The  flow  in  the  feet  was  also  abnormally  small  (0.84  gin.  per  Ioo  cc.  per G.  N.  Stewart.  17 
minute  for  the  right  foot,  and 0.87  gm.  for  the  left  for  a  period  of  20  minutes 
in  the  calorimeters,  with  room  temperature  23.3  °  C.).  For  the  last  Io  minutes 
of  this period  the flows  were  only o.77  and 0.72  gm.  per  Ioo cc.  per minute  for 
the  right  and  left  foot,  respectively,  showing  that  the  vasoconstriction  was  in- 
creasing  in  the  feet  also  with  the  duration  of  immersion.  Naturally  with  a 
tendency to  vasoconstriction manifested  so  strongly  in  both hands  and  feet,  the 
ratio  of  foot  to  hand  flow  (I:2.6)  lies  within  the  normal  limits,  whereas 
with  a  lesser  degree  or  less  general  distribution  of  the  vasoconstriction  this 
ratio  is  apt  to  be markedly  disturbed  in  favor  of  the  hand  flow. 
Cases do occur, although in my experience quite rarely,  in which 
without any obvious reason a  marked inequality  in the flow in the 
two hands is present and persists indefinitely, without reversal of the 
ratio.  The  ratio,  however,  is  unstable,  varying  greatly  from  day 
to  day,  and  this  differentiates  the  condition  from  inequalities  of 
mechanical origin and places it in the vasomotor group.  This con- 
dition is  illustrated  in the case  of William  F. 
William  F.,  a  laborer,  aged  5o  years,  was  admitted  to  the  City  Hospital  on 
March  22,  I912,  suffering  from  "combined  system  disease."  His  illness  began 
last June  with  difficulty in  walking,  and this has become  rapidly  worse.  Some- 
times  he  almost  fails.  About  three  months  before  admission  he  had  a  severe 
nose-bleed lasting  for  three  nights without  known  cause.  For  the  past  year  he 
has suffered  from severe frontal headache lasting from six to twenty-four hours. 
He also  complains of pain in the pit of the stomach coming on after eating.  No 
vomiting.  He  sweats  much  at  night,  and  the  sweats  are  followed  by  chills. 
The  sweating  is  so  copious  that  his  gown  is  soaked  in  five  minutes.  He  says 
he  used  to  be  "hot-blooded,"  wearing  no  overcoat  in  winter,  but  now  he  is  al- 
ways  chilly.  His  feet  get  cold  as  ice  in  bed.  His  hands  also  get  cold  now, 
although not  so  readily as  the  feet.  When he goes  to  bed at  night his  feet  are 
apt  to  be swollon, but the  swelling is  all gone in the  morning.  He  had  chancre 
twenty  years  ago  and  it  was  not  treated.  He  is  married  but  never  had  any 
children.  His  wife had  two  or  three  miscarriages.  He  does  not drink or  chew 
tobacco.  He  walks  with  a  spastic  gait.  Knee  jerks  exaggerated,  and  ankle 
clonus  can  be  elicited  on  both  sides.  There  is  some  toe  drop  on  the  left  side. 
He  says  he  has pain  all  the  time  in  his  " bones,"  in  the  legs  and  back,  but  not 
much  pain  in  the  arms.  There  seems  to  be  some  loss  of  sensation  in  the  left 
leg,  and  he  cannot  always  tell  the  difference  between  warmth  and  cold  there. 
Pain  perception  is  prompt,  and  vibration  sense  good.  His  power  of  localiza- 
tion  is  somewhat  impaired.  He  can  stand  with  his  eyes  closed.  ]~oth  pupils 
react  normally  to  light.  No  obvious  wasting  of  the  hands.  The  grip  of  both 
hands  is  fairly  good,  the  right  somewhat  stronger  than  the  left.  He  can  not 
write  now,  although  a  well  educated  man.  Blood  count  on  Mar.  24,  I912, 
erythrocytes  5,48o,0oo,  leucocytes  7,40o.  Mar.  29,  Wassermann  test  negative. 
Apr.  I7,  spinal  fluid  clear.  Cell  count  6  per  cc.  X-ray  examination  negative. 
Urine,  nothing  special.  Heart  examination  negative.  The  blood  flow  in  the 18  Studies  on  the  Circulation  in  Man. 
hands  was  examined  on  Apr.  24,  1912,  and  that  in  the  hands  and  feet  the  fol- 
lowing  day  (Apr,  25). 
First  Examination  of  Blood  Flow.--William  F.  Apr.  24,  1912.  Hands  in 
bath at  2.43  p.m.,  in  calorimeters  at 2.52.  At  3.15  p.m.  left hand  put  into  water 
at  44 °  C.  Pulse  IOO.  Mouth  temperature  36.65 ° .  At  3.29  left  hand  put  in 
water  at  8 °  C.  At  3.41  left  hand  put  in  water  at  43 °  C.  At  3.48  hand  out  of 
calorimeter. 
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Cooling of calorimeters,  right o.II °  in 8~  minutes,  left o.4I°.in 4I~  minutes. 
Volume of right hand, 517 cc., of left hand 523  cc.  Water  equivalent  of calorim- 
eters  with  contents,  right  3,5o9,  left  3,513.  Rectal  temperature  37.4 °  C. 
On  Apr.  24  the  flow  in  the  right  hand  came  out  4.2o  gin.  per  ioo  cc.  per 
minute;  in  the  left,  I.II  gm.  (ratio  I:3.78),  with  room  temperature  22.5 °,  an 
average  flow  much  below  the  normal.  Immersion  of  the  left  hand  in  warm 
water  caused  a  good contralateral  vasomotor  reflex, indeed  considering the long 
duration  of the vasodilatation, an  exaggerated one.  The vasodilatation  was pre- 
ceded  in  the normal  way  by  a  good  vasoconstriction  for  the  first  3  minutes  of 
immersion  of  the  left  hand.  The  diminution  of  the  flow  in  the  right  hand  on 
immersion  of  the  left  in  cold  water  was  also  prompt,  substantial,  and  durable. 
The  next  day  the  flow  in  the  right  hand  was  5.83  gin.,  in  the  left  3.11  gin. 
(ratio  I:I.87),  with  room  temperature  23.5 °,  still  a  marked  preponderance  in 
favor  of  the  right  hand. 
In  the  feet  the  flow was  remarkably  small  but  the  relative  preponderance  in 
the right  foot  was  precisely the same as  in  the right  hand,  the  ratio  of  the flow G.  N.  Stewart.  19 
in  the  right  hand  to  that  in  the  right  foot  being  I5:I ,  and  the  corresponding 
ratio  for the left hand and  foot also  15: I.  Immersion of the left foot in warm 
water  caused,  if  anything,  a  diminution  of  the  flow  in  the  right  foot,  but  the 
change was insignificant. 
The  patient  was  discharged  from  the  hospital  at  h~s  own  request  on  May 
12,  and  readmitted  on  May  31,  I913.  On  June  6,  I912,  the  blood  examination 
showed hemoglobin 85 per cent., leucocytes 11,8oo.  He says his legs now get red 
if  rubbed  or  scratched  and  feel  "burning."  This  was  not  the  case  when  he 
was  in  the  hospital before.  He  describes the  heat as  coming " from the inside 
of the legs, from the bone."  Neither the legs nor the feet feel warm to the ob- 
server's  hand.  The  veins  of  the  legs  are  larger  than  before.  He  does  not 
sweat mucli now.  The  knee  jerk  is  still  exaggerated, and  ankle  clonus  can  be 
elicited.  He is  less able to walk than when previously in the hospital and  must: 
use a  stick, which was not the case before.  Romberg's sign is not present.  He 
has  had  much  trouble  in  urination  for  over  a  year,  with  burning  pain  in  the, 
penis.  In  the  sitting  position  he  can  easily  make  water,  but  not  standing  up. 
The  pulse  in  the  left  brachial  is  distinctly  smaller  than  in  the  right.  This  is 
easier  to  make  out  than  any  difference between  the  two  radials.  He  was  dis- 
charged  from the hospital  "unimproved," Oct.  6,  1912.  The  blood  flow  in  the- 
hands was examined on June II, and that in the feet on June 12,  1912. 
Second  Examination.--June  II,  1912.  Hands in bath at 2.16 p.m., in calorim- 
eters at 2.26r~,  and out of calorimeters at 2.50. 
Time. 
2.25 
2.27 
2.28 
2.29 
2.30 
2.31 
2.32 
2.33 
2.34 
2.35 
2.36 
2.37 
2.38 
Temperature of 
Calorimeters. 
Right.  I  Left. 
31.5 °  31.4o 
31.47  31.36 
31.48  31.355 
31.49  31.355 
31.5o  31.36 
31.515  31.365 
31.535  31.375 
31.56  31.395 
31.595  31.4o 
31.6o  31.41 
31.61  31.42 
31.625  31.425 
31.64  31.425 
Temperature of 
Time.  Calorimeters. 
Room.  Room.. 
24.5 
24.5 
24.6 
24.8 
24.7 
2.39 
2.40 
2.41 
2.42 
2.43 
2.44 
2.45 
2.46 
2.47 
2.48 
2.49 
2.50 
3.04 
Right.  Left. 
31.65  31.43 
31.665  31.43 
31.68  31.435 
31.695  31.44 
31.715  31.45 
31.73  31.455 
31.755  31.465 
31.78  31.49 
31.8o  31.51 
31.815  31.52 
31.83  31.525 
31.85  31.53 
31.69  31.39 
24.7 
24.8~ 
24.7 
Cooling  of  calorimeters  in  14  minutes,  right  o.I6  °,  left  o.14 °.  Volume  of 
right hand  493  cc.,  of  left 499  cc.  Water  equivalent of  calorimeters with  con- 
tents, right 3,489, left  3,494.  Rectal  temperature 37.6 ° . 
On June II  the flow in the right hand was 4.40 gm., in the left 2.77 gin.  (ratio 
1:1.58)  with  room  temperature 24.7 °  C.  On  June  12  the  flows were  0.82  and 
0.48  gin. in the right and left  foot, respectively.  Immersion of the right  foot in 
warm  water  caused practically no  change in  the  left  foot.  The  foot flows are 
still  abnormally  small,  although larger  than  on  Apr.  25.  It  is  to  be  remarked, 2o  Studies  o~  the  Circulation  in  Man. 
however, that the ratio  between the flow in  the right hand and  that  in  the right 
foot  (5.4: I)  is  again  almost the same as  the  ratio  between the flow in  the left 
hand and that in the left  foot  (5.3: 3).  In other words, the relative preponder- 
ance of flow is almost the same in the right foot as in the right hand.  The blood 
flow  in  the  right  hand  and  foot  in  this  patient  is  therefore,  it  would  appear, 
permanently and  decidedly greater  than  in  the left  hand  and  foot,  although  at 
the  time  of  examination no  marked  clinical  difference in  the  condition of  the 
two  sides of  the  body  could  be  detected.  The  variability  in  the  ratio  between 
the flows in the two hands  from time to time,  in  the absence of material varia- 
tions in  the  factors which determine general vasomotor changes  (e.  9'., decided 
changes  in  the  external  temperature),  differentiates  the  condition  from  an 
inequality  due  to  a  mechanical  cause  and  stamps  it  apparently  as  a  functional 
peculiarity. 
The  curious  fact  that  when  the  ratio  between  the  flows  in  the  two  hands 
varies,  the  ratio  between the  flows in  the  two  feet varies  to  the  same  amount. 
would  seem  to  require  for its  explanation the  assumption that  the  intensity of 
the vasomotor innervation of one-half of the body, or at least of the extremities 
,on  one  side,  is  simultaneously affected and  to  the  same  degree  with  respect to 
the  innervation  of  the  other  half.  Changes  in  the  bulb,  for  example  in  its 
.circulation,  affecting  the  "general  vasomotor  center,"  not  necessarily  exclu- 
sively on one side, but to a  greater degree on  one side than on  the other,  might 
be  expected to  produce  such  an  effect.  If  the  change  responsible for  the  phe- 
nomenon were located below this level it would seem that the whole dorsolumbar 
region  from  which the  vasoconstrictor outflow  takes  place  would  require  to  be 
subjected  to  it.  Is  there  here,  perhaps,  an  indication  of  a  somewhat  greater 
progress of the pathological change on one  side  than  on  the  other,  a  difference 
which  has  not  as  yet  otherwise  revealed  itself?  If  the  primary  lesion  in  this 
case  is  in  the  upper  motor  neurone,  it  is  not  unnatural  to  suppose  that  the 
vasomotor  reflex  arcs  may  maintain  an  even  increased  vasoconstrictor  tone 
associated  with  a  relatively  small  peripheral  blood  flow  corresponding to  the 
exaggeration of  the  skeletal  reflexes and  the  spasticity of  the  skeletal  muscles. 
A  marked variability in the ratio  of the blood flows in the two 
hands  (or feet)  in our observations on normal persons has not been 
seen.  But in one normal case a decided permanent difference in the 
flows in the two hands was made out, the ra'tio of the flows remaining 
practically constant in  obser,~ations  made at  an  interval of  3  days 
and varying surprisingly little even over long periods. 
In  John  R.,  a  normal  man,  at  that  time  2o  years  old,  the  flow  on  Mar.  22, 
1913,  in  the  right hand  was  lO.O8 gm.,  and  in  the  left  7.25 gin.  per  Ioo  cc.  per 
minute,  with  room  temperature  24.o °  C.  for  a  period  of  13  minutes,  the  ratio 
of the flows being I: 1.39.  On  Mar. 25,  I913,  the flows were  12.38 and 8.82  gm., 
respectively, for the right and left hands  (ratio  I : 1.4o)  with  room temperature 
24.8 °  C.  for  a  period  of  I5  minutes.  On  Nov.  I4,  I914,  the  flows  were  14.85 
gm.  for the  right  hand  and  lO.O7 gm.  per  Ioo  cc.  per  minute  for  the  left  hand G.  N.  Stewart.  21 
for  a  period  of  22  minutes,  with  room  temperature  24.3 °  C.  (ratio  I:I.47). 
There is no  anatomical or  functional difference between the two  hands or  arms, 
nor  any  history  of  injury  which would  explain  such  a  difference in  the  blood 
flow.  The  stability of  the  ratio  is  strongly in  favor  of  a  mechanical explana- 
tion,  a  congenital  difference  in  the  cross-section  of  the  two  subclavians,  for 
example,  rather  than  an  explanation based  on  a  difference on  the  two  sides  in 
the  permanent vasomotor tone or  a  difference in  the  reflex vasomotor  reaction 
to  the  manipulations and  external conditions connected with  the  measurements. 
No  such  difference was  found  in  the  foot  flows,  the  ratio  being  1:1.o5  in  the 
supine  and  I : 1.13 in  the  sitting position on  Mar.  25,  1913, with  room  tempera- 
tures  25.1 °  and  24.6 ° ,  respectively.  It  was  at  first  supposed  that  some  as  yet 
latent unilateral pathological process, for instance pulmonary tuberculosis, might 
be  connected with  the anomaly,  but  nothing has  developed to  justify  that  sug- 
gestion.  The subject stated at the time of the last examination that the tendency 
to  free bleeding from slight injuries  and  especially  from the  nose,  from which 
he had suffered for  15  years, has now disappeared.  5 
John R.  Nov.  14,  1914.  Hands in bath at 11.42 a.m., in calorimeters at  11.55, 
out of calorimeters at 12.o8 p.m. 
Time. 
11.54 
11.56 
11.57 
11.58 
11.59 
12.O0 
I2.01 
12.02 
I2.03 
12.04 
12.O5 
12.o6 
12.o7 
Temperature of 
Calorimeters. 
Right.  Left. 
32.12  32.22 
32.12  32.22 
32.16  32.24 
32.20  32.255 
32.23  32.27 
32.285  32.3o 5 
32.32  32.32 
32.38  32.35 
32.42  32.37 
32.48  32.40 
32.52  32.43 
32.56  32.45 
32.61  32.48 
Room. 
24.1 
24.2 
24.3 
24~3 
2,4.3 
Time. 
12.O8 
12.09 
12.10 
I2.II 
12.12 
12.13 
12.14 
12.15 
12.16 
12.17 
12.I8 
I(  12.28 
Temperature of 
Calorimeters. 
Right.  Left. 
32.67  32.51 
32.70  32.53 
32.75  32.555 
32.79  32.58 
32.82  32.62 
32.88  32.64 
32.9I  32.66 
32.94  32.67 
32.97  32.68 
32.995  32.69 
33.02  32.695 
32.88  32.555 
Room. 
24.3 
24.3 
24,4 
I  24.3 
Cooling of calorimeters, right and left o.14 ° , in  lO minutes.  Volume of right 
hand 387  co.,  of  left hand 357  co.  Water  equivalent of  calorimeters with  con- 
tents,  right  3,4o5,  left  3,381.  Rectal  temperature  36.64 °  C.  Pulse  62.  Blood 
pressure, right arm 98  (systolic), 84  (sudden change in  sound), 76  (cessation of 
sound).  Another  observation 98,  83,  74.  Left  arm  97,  79,  65. 
Note Added  May 7, ±9~5.--0n this day, which was close and muggy, the flow 
in  the  right hand was  18.52 gin.  and  in  the  left  14.Ol gin.  (ratio  t : 1.32)  with 
room temperature 25.1 °  C. 
As a practical point of technique it may be suggested that when it 
is desired to test the stability of the ratio between the flows on the 
Stewart, Your.  Exper.  Med.,  1913, xviii,  354. 22  Studies  on  the  Circulation  in  Man. 
two sides,  in  cases where the question  arises  whether the  cause  is 
a  nervous or a  mechanical one, this  could perhaps  often be quickly 
done  by measuring the blood  flow several times  on  the  same  day 
with considerably different room and calorimeter temperatures.  If 
the inequality is of vasomotor origin, it may be expected 'to disappear 
or be  greatly reduced in  one or more of 'the sets  of observations, 
whereas an  inequality due to  a  permanent mechanical cause  could 
not disappear. 
SUMMARY. 
I.  In cases in which great inequalities in the blood flow in the two 
hands  were produced by  mechanical causes  (ligation  or  compres- 
sion of vessels, embolism), the stability of the ratio of the flows, in 
successive measurements at short intervals,  was  found to  be  char- 
acteristic.  Over long intervals the opening up of collateral circula- 
tion or the progressive increase of the block  (in a  case of multiple 
embolism with thrombosis)  was followed by changes in the ratio of 
the blood flows in the normal and the affected part.  Another cri- 
terion of these conditions was  found to be that the inequality was 
not  abolished  by  producing  general  vasomotor  changes;  e.  g.,  by 
altering the external temperature. 
2.  In certain cases inequalities in the blood flow in the two hands 
(or  feet)  were found which were not stable  from day to  day, and 
which could be abolished, reduced, increased, or reversed by altera- 
tions in the external conditions which bring about general vasomotor 
changes.  These  inequalities,  not  associated  with  clinically recog- 
nizable differences between the parts compared, were interpreted as 
due to unequal activity of the vasomotor mechanism on the two sides. 
The  condition appeared  to  be  most  frequent  in  certain  groups  of 
neurological cases. 
I  wish to express my obligations to the staff of the City Hospital 
and to my colleagues at Lakeside Hospital for many courtesies. F 
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